This is the first study to show that apoptosis as an immune regulatory mechanism is conserved in fish, demonstrating its importance in maintaining immunological homeostasis. The data further show that this mechanism is subject to control by glucocorticosteroids. Carp plasma cortisol concentrations increase from 20 to 434 ng/ml and cortisone from 5 to 50 ng/ ml within 9 min of the onset of handling stress. At basal steroid concentrations in vitro, cortisol, but not its conversion product cortisone, inhibits proliferation of peripheral blood lymphocytes (PBL), as measured by [ 3
INTRODUCTION
In mammals, bidirectional communication between the endocrine and immune systems through shared signal molecules and receptors is now well established (Blalock, 1994; Besedovsky & Del-Rey, 1996) . Prominent examples are the activation of the hypothalamus-pituitary-adrenal (HPA) axis by interleukin-1 (IL-1) (Besedovsky, Del-Rey, Klusman, Furukawa, Monge-Arditi, & Kabierch, 1991) and the immunosuppressive effects of glucocorticosteroids (GS), the ultimate signal of the activated HPA axis (Cupps & Fauci, 1982) . There are two hypotheses for the mechanism of immune suppression by GS. The first hypothesis is based on GS-induced suppression of cytokine production (Munck & Guyre, 1991) ; in this way, GS may interfere with initiation of the immune response. The second hypothesis is based on GS-induced apoptosis in immune cells (Wyllie, 1980; Cohen & Duke, 1984) , resulting in impairment of the immune response. Apoptosis is a morphologically distinct process of programmed cell death, characterized by nuclear condensation and DNA fragmentation, common to the mammalian immune system (Schwartzman & Cidlowski, 1993; Penninger & Mak, 1994) and also detected in avian (Compton, Gibbes, & Swicegood, 1990 ) and amphibian (Ruben, Buchholz, Ahmadi, Johnson, Clothier, & Shiigi, 1994) thymocytes.
In bony fish, hematopoiesis and GS production are, in contrast to mammals, combined in one organ (the anterior or head kidney). Therefore, direct, paracrine interactions of the immune and endocrine systems are feasible. GS treatment is known to influence immune parameters in fish in vivo, e.g., reduced antibody titers (Wechsler, Mc Allister, Hetrick, & Anderson, 1986) , reduced immunocompetence (Pickering &
